Electrical Capacitance Tomography (ECT) detects changes in the distribution of transparency in enclosed areas or pipes. Until now, various methods have been used to determine the optimum ECT sensor for a particular application. Some important parameters that affect the sensitivity of the sensor cannot be ignored. Design factors discussed in this paper study the needs in industry by producing the best image, without affecting the operation of the process. From previous studies many parameters influence the quality and effectiveness of an ECT sensor. The parameters that play important roles in ECT sensor design include the thickness and type of material in the pipe wall between the electrodes and the sensing zone, the thickness and material of the pipe wall separating the electrodes and the screen, the size of the electrodes, the guarding used, example radial guards or plane axial guards, and whether end guards are used. Other matters of concern regarding the dimension and the distance between the electrodes with guardians it is important design factor. Electrodes positioned either inside or outside the vessel will affect the cost factor design to the type of system to be used. This overview of the study is a basic guide for the essential requirements for an ECT sensor system design.
1.0 INTRODUCTION
The word 'tomography' is derived from the Greek words 'tomo' meaning 'to slice' and 'graph' meaning 'image'. The Oxford English Dictionary defines tomography as 'radiography' in which an image of a predetermined plane of the body or other object is obtained by rotating the detector and the source of radiation in such a way that points outside the plane produce a blurred image.
Tomographic technology involves the acquisition of measurement signals from sensors located on the periphery of an object, such as vessel or pipeline [1] . This gives information on the nature and distribution of components within the sensing area. Most of the tomographic techniques are concerned with abstracting information to form cross sectional images. This can be done by placing sets of array sensors (mainly electrodes) around the pipes to be imaged. The sensing field interrogates a projection of a suitable radiation across the materials of interests, which is assumed to be a circular cross section [2] .
Recently, tomography has been well accepted in the process industry application due to the need of monitoring process and control [3] . It helps users to identify the process flow via image reconstructed non-invasively. Typically, the 'image' of the cross section is reconstructed from the measured dataset. Many ways have been explored, including ultrasonic excitation, electromagnetic, nucleonic and electricity. One of the tomography modalities is Electrical Capacitance Tomography (ECT), which detects the variation of permittivity distribution in the closed region or pipe.
There exists a large demand for direct analysis of the internal characteristics of process plants in order to improve the design and operation of equipment. This technique is used for image acquisition process monitoring with process piping and vessels in chemistry by examining the distribution of internal transparency. Studying the distribution of internal transparency requires transparency pictorial representation to build the image. The images can be constructed by first obtaining a signal between the capacitor electrodes on the vessel, which is equipped with a capacitive sensor [4] .
Use appropriate algorithm affect good imaging results as the location measurement is made between the capacitor electrodes around the vessel monitoring. ECT is a non-invasive technique, in which the process flow is not been interrupted and the flow in the pipe does not need to be stopped. Generally, the ECT sensor is mounted outside the pipe or vessel wall, with the number of electrodes determined by the designer based on the result required, and the process environment such as the size of the pipe. This feature makes ECT superior to Electrical Resistance Tomography (ERT), where there is no interruption in the process, especially when operations involving real-time monitoring of ongoing operations. Therefore, ECT has been treated as new method tomography replaced the existing system before using many ERT systems for applications in industrial tomography [5] . The key difference between ECT and ERT sensors is that ERT electrodes are in direct contact with the process [6] , where as if the process involves heating the subsurface or steam injection, the liquid saturation changes will affect the electrical resistivity of the next resolution on the sensitivity experiencing a disruption of the process data received. ECT electrodes are insulated through a thin non-conducting liner. ECT sensors comprise multiple electrodes arranged around the circumference of a pipeline. The most common arrangement is for external electrodes to be mounted on a section of non-conducting pipe with an external earthed screen. The electrodes can be etched from flexible copper coated laminate. This arrangement has the advantage that the electrodes are non-invasive and non-intrusive. The circular sensors are suitable for most pipelines and generally used for monitoring the flow of oil / gas systems or pneumatic conveying of powders, grain or plastics [7] .
2.0 GENERAL DESIGN PRINCIPLES
Generally ECT has three main components group. The first is the capacitance sensor comprising electrodes mounted on the edge of the pipe to be sensible view in the imaging process. The second group includes the capacitance unit to acquire and process the signals from the sensor capacitance measurements. The last group is the computer controls including the coaxial cable and connector, which display a reconstruction of the image of the process flow distribution from data obtained. Figure 1 show the basic configuration of ECT, which consists of the architecture of the ECT system. From the observation of previous builds, usually the ECT sensor is round, and the electrodes are arranged in the form of single plane or twin plane. The ECT sensor diameter is between 1 and 4 inches [8] .
There are several factors to be considered to design the ECT effectively [9] . First, they comprise measuring the mean slope of the sensor sensitivity measurement curve. The ECT sensor is a soft-field sensor, which the sensitivity decreases towards the centre of the pipe.
Another factor that needs to be considered is the dynamic range; which is the ratio between large stand smallest output sensors resulting in the reconstruction phase. Received signal strength depends on the distance between the sensors installed in the test sample. This gap distance needs to be as minimal as possible to minimize the potential loss of the system. However, the image reconstruction can be improved by increasing the amplitude and avoiding the sensor distortion from the measurement range [10] .
The connection of the guard electrodes need to be secured properly to avoid stray capacitances and ground loops. The driven-guard technique is applied to remove or reduce stray capacitance [11] .If the sensor electrodes are short compared to the diameter of the sensor; extra axial guard electrodes will normally be required at each end of the measuring electrodes. The guard electrodes are used to maintain a parallel electric field pattern across the sensor in the region of the measuring electrodes by preventing the electric field lines from spreading axially at the ends of the measuring electrodes. This improves both the axial resolution and the sensitivity of the sensor [12] . Figure 1 Architecture of the ECT system [13] Imaging resolution can be improved by increasing the number of electrodes or channels. However, by increasing the number electrodes, the sensor area will be decreased, which effects measurement sensitivity and signal strength of the sensor [13] . Imaging speed depends on the total number of measurement channels and imaging speed depends on the total number of measurement channels and speed imaging process that occurs depends on the frequency [14, 48] .
The ECT system structures are determined depending on purpose and the environment of testing. This determination factor involves the sensor material, pipes material and the material that is being examined [15, 47] .
Surface contact is a major source of uncertainty. The problem can be accrued during adjusting the gap between an ideal monitoring sample and object. The sensor electrode does not follow the specific data required. Saline gel is used to improve the surface contact of the electrode in ECT system designs [16] . Contact measurement known as 'Debye Layer', which is the interface between the sensor and sample. This phenomenon can be avoided by using non-contact measurement and adding a passive layer. Substrate and backplane geometry occurs due to their close proximity to drive the top of the electrode substrate [17] . Cross talk between channels applies when adjacent electrodes are positioned close to one another. This cross talk can be controlled by applying the electrode size limitation [18] .
3.0 DEVELOPMENT OF A CAPACITANCE SENSOR
The sensor is a device operational that provides support for the imaging process. The sensor is composed of a number of electrodes mounted in the periphery of the pipe. There are two types of electrode installation; external and internal. The typical ECT installs the electrode externally because it is easier to be installed, designed and fabricated. Furthermore, external electrodes are non-intrusive and not subjected to extreme temperatures, high temperature & turbulence condition data. Compared to internal sensor design, the system requires more complex design and needs to withstand extreme temperature and corrosion inside if fluid is corrosive [19] .
Vessel wall has a negative impact on the effective capacitance measurement and walls in series with the internal capacitance and if the strain is too great wall (wall capacitance is small) the situation becomes difficult for a range of good results. Good criteria is a thin wall thickness, so the choice between 2 mm ~ 4 mm. However, the charge of the internal sensor is directly proportional to the transparency of the charge in the vessel [20] . In addition, the determination method of installation depends on the type of electrode used plumbing pipes. If pipes made of conductor material, the internal electrode technique is used. If the pipe is made of insulating material, the electrode should be installed with the external method.
The signal from the sensor is sent to the control computer. The computer processes the information obtained and reconstruct cross-sectional images of the rate of change in capacitance pipe. Measurement between two electrodes in the presence of 0.2 fF dug into the earth stray capacitance of 200 pF at 2000 measurements per second. Some designs capacitance between any pair of electrodes around 10 onwards [21] . The minimum length of the electrode axis of 3.5 cm to 8 sensor electrodes, or 7 cm to 12 sensor electrodes [22] .
Each electrode can be configured to act as a source or detector. During normal operation one electrode is the source, while the other is a detector with an output proportional to the measured capacitance. Generally the signal received by the adjacent electrodes is about ten times more than opposite electrodes. It is desirable to regulate the output of each sensor is zero when the pipe is filled with a minimum of transparency, and full scale (FSD) when a pipe filled with a maximum of transparency. Therefore, it is common to provide a programmable gain as increased dynamic range instruments. To reduce the effects of noise, it is desirable for all off-chip communication to be digital. All measurement data bit in series between integrated electrodes and host computer [23] .
Material used for a pipeline, usually made of organic glass, because pipelines are insulated with this material to easy monitor the fluid path. The electrodes are usually made of copper foil and a protective electrode comprising a protective cover and radial electrode as shown in Figure 2 . Radial electrode not only reduces the dynamic range of the measured change in capacitance value and difficulty in circuit design data acquisition, but also can improve circulation sensitivity space. The overall structure parameters become important and can affect sensor performance and quality of image reconstruction. Therefore, a model [24] [25] [26] to analyze the effect of radial electrodes on the capacitance and distribution of sensitive areas is developed, as seen in Figure 3 . The ECT sensor consists of several key areas of measurement electrodes, external insulation frame, axial and radial end of the screen, and a coaxial cable and connectors. Generally, the ECT system fabricated between 8 or 12 electrodes with a length of 10 cm is installed outside the frame work of the insulation and enclosed by a grounded outer screen following Figure 4 [27] . Another topic that needs to be considered is the number of electrodes. The small number of electrodes used in the system produces less parallel data acquisition. The number of electrodes depends on the size of the pipe as well as the electrode itself. The number of electrodes also relates to the independent measurement of the system, generally for an n-electrode system, the number of independent measurements N is given by the following Equation  1 , of combination;
For a 12-electrode system, this number is 66.
The relationship between the number of electrodes and the independent measurement is summarized in Table 1 . The data showed that the increasing electrode numbers will increase the value of the independent measurement and improve the resolution image reconstruction. However, increasing the number of electrodes causes difficulties ranging from the use of complicated and expensive hardware, besides the measurement scale that is smaller in capacitance to be measured and the larger values of matrix sensitivity, causing difficulty in solving inverse problems for image reconstruction [28] , while the rate of data acquisition period will occur more slowly. The length of the electrode is also important in designing the ECT system. The shorter electrode will provide better dynamic factors. The typical electrode length is 4 inches (~ 10 cm) [29] . For example, for the 12 -electrode ECT, the value for capacitance between 0.5 pF, that means sensor diameter reduced and length electrode will reduced to 5 cm [30] .
In a previous study, suggested to additional component for driven guard at both ends of the measurements. This fabrication is to enable short measurement electrodes to be used. Two driven guard electrodes in the same axial line as the excitation electrode are applied the same excitation signal, while all other electrodes are kept at either real ground or virtual ground. By applying this arrangement, the fringe effect can be relieved because the electric field is prevented from spreading in the axial dimension, and hence shorter measurement electrodes may be used.
There are three types of earthed screens to apply in ECT: the outer screen, the axial end screen and the radial screen. Typical ECT design applies earthed axial screens at both ends to reduce external noise to some extent. The earthed axial screens have negative effect on capacitance measured because of the electrical field [31] .
Current needs of the masses of these systems are used in an industry that has operated the operating temperature and pressure as used in current production engineering. Usually ECT system can be operating at temperatures up to 300°C [32] , while the process pressure up to 150 bar there needs to be higher [33] . Previous method the testing used a capacitance meter multi-phase flow, which can stand up to high temperatures and high pressures. Application of twin plane is used for velocity profile and distance measurement. Twin plane measurement is applied for long pipe fabrication, but it produces poor cross correlation [34] .
Therefore, in this review, a 12 electrode electrical capacitance tomography system is developed. This system can provide more data for processing to obtain more precise images of the pipeline. However, the number of electrodes in an ECT system is inverse proportional to the size of the electrodes. Decrement of electrodes' size will lower the sensitivity of the sensor towards the materials being investigated, and therefore lessen the Signal to Noise Ratio (SNR) of the system. In order to reduce the noise in the system, an on-plate signal conditioning board is applied in this research to eliminate certain noise sources from the analogue transmission line.
A key requirement of the imaging system is only a measuring circuit to measure the capacitance between the selected pair of electrodes, and it should not be sensitive to stray capacitance between the measuring electrode and the earth. This shows that the stray immune capacitance measuring circuit should be used for the measurement. The examples of strayimmune circuit are AC bridge arm ratio of output current and switch-capacitor charge transfer circuit [35] . AC bridges typically operate with low excitation frequency of 100 kHz, and they are more of a charge transfer circuit in terms of in terms of low basic drift and high SNR.
Charge transfer circuit to rate the shorter the switching frequency up to 2 MHz Parallel channels can be used with each having a demodulator and this step can reduce the cost and complexity of the structure of electronic circuits. Besides helping in the complexity of data transfer with a short period and reduces noise and drift basic level.
Capacitance measurement method based on the sample object to the measured electrical capacitance difference when charged and discharged, and this process involves no noise created during the measurement. A capacitance measurement system of 12 electrodes was constructed based on the new measurement circuit [36] . Test results show the data acquisition time of 66 capacitors (to reconstruct an image) is less than 1.25ms [37] . Circuit structure consists of an electrode, the electrode projected guards, screens, and pipe insulation and circuit capacitance to voltage (-ve). Conversion of the data acquisition system is fixed on the guard electrode projected. A printed circuit board is connected to the flex cable. Each electrode is connected to a capacitance-measuring circuit module. There are 12 modules for a 12-electrode ECT system.
Advantages of using this method, each electrode link to connect by individual directly into the printed circuit board and stay on the screen. There is also the additional modules and data acquisition software. If any measurement module fails, simply replace the defective one with a new one, because all the modules for each electrode are identical. While the cable length between electrodes printed circuit board to only a few centimeters in length and cable type consists of 'noon-screened'.
This arrangement can reduce the effects of a stray capacitance wire. The signals to the flex cable that connect the sensor and main board are the control signal and the measured capacitance. A mobile cable has no influence on the measurement. Because the capacitance measurement module is fixed below the screen, the size of the printed circuit board from the screen can be very small. Sensors and data acquisition system scan be set together. This method can reduce the influence of restructuring moves at the measurement cable. The data acquisition system can be more compact.
Thus the capacitance measures only charged /discharged once in a measurement cycle. In principle, there is no noise at the output of the measurement circuit. A parallel detection scheme, which can reduce measurement times, is used in the system. The cross-sectional image of the distribution electricity transparency to conduct measurement of a non-electric object. It can be used to map the com position of the mixture of two phases such as gas-oil system and provides a useful tool for visualization and measurement of multiphase flow and potential applications in the petroleum industry. Principle ECT sensor gets the signal from the measured capacitance value is then used reconstruction algorithm suitable for image distribution transparency. Even so linear, iterative or regularizing the inversion technique commonly used to introduce unwanted smoothing effects in the reconstructed images, may become unstable or may not converge to the desired solution [38] .
Use of simulated annealing (SA) is a method of image reconstruction from ECT measurements. Forward problem is computed using a limited amount of space discretization method to avoid geometrical singularities (as is the case with classical finite difference methods), and to take advantage of the conservative formulation.
Testing methods use Inversion SA of static physical model and simulate the normal distribution pattern of two-component flow. Inversion technique has several advantages compared to approaches based on damping least square inversion: they find a good solution beginning with poor initial model, implement complex in format ion easier priori, and do not introduce smoothing effects in the final permittivity. SA application to measured data inversion ECT has provided us favorable results. This method does not require model, synthetic data with noise and without noise. Create good results with real data inverting, acceleration procedures will be reviewed using the sling regularly in space that could justify a reduction in the number of parameters by an order of magnitude [39] .
Charge coupled device has been used (abbreviated as CCD) as a linear image sensor in optical tomography for imaging different particle sizes [40] . In measurement system, which is composed off our CCD linear image sensors, is configured round a pipe flow for four octagonal projection systems.
The basic capacitance measurement principle used in ECT is shown in Figure 5 [41] . An alternating voltage (Vs) is applied between one electrode (the source electrode) and ground and the resulting currents A which flow between the source electrode and the remaining (detector) electrodes to ground are measured. These currents are directly proportional to the capacitances between the source and detector electrodes. The set of capacitance measurements made when one electrode is excited as a source is known as a "projection".
In ECT a complete set of measurement projections is made by exciting each electrode in turn as a source electrode and measuring the currents which flow into the remaining detector electrodes. So for an 8 electrode sensor, there will be 8 x 7 = 56 possible capacitance measurements. However, as half of these will be reciprocal measurements (the same capacitance should be measured by exciting electrode 1 as a source and measuring the current into electrode 2 as is obtained by exciting electrode 2 as a source and measuring the current into electrode 1), there will only be 28 unique capacitance measurements for a complete set of projections.
The current measurement circuits 'A' in Figure 5 are chosen to have very low internal impedance, which ensures that all of the detector electrodes are held close to ground potential at all times. As the source electrode is also held at a fixed potential at all times, this capacitance measurement circuit has the important property of stray immunity, that is, it does not respond to any capacitances between individual electrodes and ground. This is important, because the capacitances between electrodes and ground will normally be much larger than the inter-electrode capacitances and may vary due to flexing of connecting leads.
The alternating source voltage is a nominal 15V p-p square wave at an excitation frequency in the range 1 to 10 MHz.and can capture frames of data at speeds up to 5000 frames per second with sound effects are low [42] .
The capacitors can be measured between a pair of electrodes (which effectively becomes a new "virtual electrodes"). Most work to date has used a circular ship most convenient arrangement in which the capacitor is measured between a single pair of electrodes. Measurement sequences for protocol 1 are shown in Figure 5 [43] and involve the alternating voltage of the supply source impedance and the impedance of the electrodes. Balance (detector) electrodes at zero (virtual ground) potential and the current flowing into the electrode sensors (and proportional to the capacitance between the electrodes) were measured. The second electrode is then selected as the source electrode and the sequence is repeated until all possible capacitor electrode pairs were measured.
Generate 'M' independent capacitance is measured to determine the number of electrodes through Equation 1.
Figure 5
Capacitance measurement principle [44] Any measuring system has to follow certain protocols or sets of well-defined and properly established procedures to extract meaningful information from the sensor. Here the term protocol mainly refers to the sequence used to excite the sensor electrodes, and the order in which the signals are acquired.
In tomography, the object to be imaged is surrounded by electrodes, which act as both sources and detectors. The electrodes are excited one by one, or in pairs depending on the protocol used. At any point in time only one electrode or a pair of electrodes is excited, while the remaining electrodes function as detectors. Typically, ECT systems use 12 electrodes to acquire data regarding the inter-electrode capacitances. The data collected is used for constructing the permittivity distribution images in the subsequent stages. The electrodes are numbered as shown in Figure 2 [45] . Different protocols can be devised as the capacitances between any two electrodes can be measured, and any sequence can be followed in exciting an electrode or a pair of electrodes.
Protocol 1, is the most widely used protocol in the industrial tomography systems. Here, only one electrode is excited at any point in time and the remaining electrodes function as detectors. The capacitance between the source electrode and the remaining detector electrodes are measured for all the possible pairs. Subsequently, the next electrode is made the source and the same measurement process is employed. For example, it electrode 1 is made the source electrode; the other remaining electrodes function as detector electrodes. The detector electrodes are connected to the virtual ground terminals, so that they remain at zero potential with respect to ground. The capacitances between electrode 1 and the others are measured. After measuring all the possible pairs of capacitances, electrode number 2 is made the source electrode and the measurement process is repeated. The whole cycle of exciting an electrode and measuring the resulting inter-electrode capacitances is repeated [46] . In higher order protocols like protocol 2 and protocol 3 electrodes are excited in pairs and the inter-electrode capacitances are measured for various combinations of the detector electrodes. This increases the number of possible measurements, and improves the resolution of images too. However, this reduces the image acquisition rate. For an ECT system having 'E' electrodes and using protocol number 'P', the number of independent interelectrode capacitance measurements 'M' is given in Equation 2.
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(2) Protocol 1, is highly compatible with LBPA for reconstructing of the permittivity distribution images using the measured inter-electrode capacitances. LBPA is moderately efficient and fast when it comes to on-line reconstructing of images. It is the most preferred algorithm for reconstructing permittivity distribution images in the industry. For a typical capacitance sensor with 12 electrodes and using protocol 1,66 independent inter-electrode capacitances can be measured.
4.0 CONCLUSION
Electrical Capacitance Tomography is a method to detect the distribution of transparency in the ongoing process of nonconductive liquid phase. This paper discusses the structure in the construction of a system that was developed by previous researchers. Important factors ECT system design consists of several key elements, such as the number of electrodes used, can affect the rate of resolution of the image produced. In addition, the length of the electrode, and whether the electrode position is installed either inside or outside the pipeline, depends on the suitability or object being monitored. The composition of the earth screen is categorized into an outer screen, radial axial end screens and screens. Applications use this system in practice to the exposure process in the temperature range and the high pressure system to assess the level of sensitivity. With some changes in the design of structures previously described as an inducement to use the system. In addition to the advantage of very low levels of noise, wide dynamic measurement range, and high immunity to stray capacitance to ground and can run at high speed measurement process.
